INTRODUCTION
Recently, a growing demands of microwave and wireless communication systems in various applications resulting in an interest to improve antenna performances. Therefore, the selection of microstrip antenna is suitable to apply at various fields such as telecommunication, medical application, satellite and military system. However, microstrip antenna has its inherent shortcomings such as narrow bandwidth, typically 5% of centre frequency and half space radiation [1] . Many kind of miniaturization techniques, such as using of dielectric substrate of high permittivity [2] , slot on the patch, DGS at the ground plane or a combination of them have been proposed and applied to microstrip patch antennas.
Conformal microstrip antennas are applied for a wide variety of higher frequency, such as the cylindrical microstrip antenna, has been paid more attention by many researchers [3] [4] [5] , which can reduce the size, widen the radiation beam. The surface wave restricts the wide use of microstrip antenna, electromagnetic bandgap (EBG) or photonic bandgap (PBG) structure is a method to reduce the surface waves, which exhibit band-gap feature [6] too. EBG has been applied in the field of antenna to improve the performance of antenna [7] [8] [9] [10] [11] [12] , such as suppression of surface wave propagation, increasing the gain of antenna and improving the radiation pattern by inserting the EBG structure into the substrate [13] [14] [15] . However, in implementing EBG, a large area is needed to implement the periodic patterns and it is also difficult to define the unit element of EBG.
Defected ground structure (DGS) has similar microwave circuit properties as EBG, it can also modify guided wave properties to provide a band-pass or band-stop like filter and can easily define the unit element. The geometry of DGS can be one or few etched structure which is simpler and does not need a large area to implement it [16] . DGS structure disturbs the shield current distribution in the ground plane [17] , [18] , which influences the input impedance and current flow of the antenna.
Many shapes of DGS slot have been studied in planar microsrip antenna designs [19] [20] [21] , which provides many good performances such as size reduction (resonant frequency lower), impedance bandwidth enhancement (quality factor lower) and gain increasing. The compact, broadband microstrip antenna with defective ground plane has been realized in [22] ; the impedance bandwidth of the proposed antenna could reach about 4.3 times that of the conventional microstrip antenna. Several slots are embedded in the ground of the microstrip antenna so that the size is reduced, the impedance band and gain is enhanced [20] . By utilizing a slotload technique [22] , the microstrip slot antenna excites two resonant frequencies. By combining with a defective ground plane, the bandwidth is augmented and the resonant frequency is lowed simultaneously.
In this paper work, a notable ground structure named defected ground structure (DGS) has recently been investigated and found to be a simple and effective method to reduce the antenna size. Proposed antenna design incorporates I-Shaped Defected Ground Structure in ground plane. Etching this DGS underneath the simple microstrip feedline, impedance bandwidth broadening can be obtained. Table 1 shows some common design parameters or specifications for both antennas i.e. simple MPA and I-slot DGS antenna. The Proposed antenna resonates at frequency (f r ) of 6.0718 GHz. The resonant frequency, also called the center frequency, is selected as the one at which the return loss is minimum. For a specific resonant frequency (f r ) and dielectric constant of substrate ( r ), the width (W), length (L) of patch of MPA are expressed as follows:
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where, L e and ∆L are the effective and extended Length of patch and are expressed as:
where, e is the effective dielectric constant of substrate and is expressed as:
Similar results for finite and infinite ground plane can be obtained if the size of the ground plane is greater than the patch dimensions by approximately six times the substrate thickness all around the periphery [14] . Hence, for this design, the ground plane dimensions would be given as:
where, "h" is the height of substrate. L g and W g are length and width of ground plane respectively.
In order to improve the Bandwidth and Return loss, ground is defected with I-Shape slot. Also this slot made on ground helps in the reduction of overall weight and size of proposed antenna.
RESULTS AND DISCUSSIONS
Finite Element Machine (FEM) based High Frequency Structure Simulator (HFSS) software Version-13.0 package is used to obtain the performance parameters of the proposed antenna.
Return loss (S 11 ) and bandwidth
It is evident from Fig. 3 that when I-shaped defect in ground plane is introduced, the proposed antenna resonates in C-band at resonant frequency f r = 6.0718 GHz. A very good return loss of -46.75 dB at f r = 6.0718 GHz is obtained for this structure. At this resonant frequency, it gives a maximum bandwidth of 132.3 MHz (i.e. MX 1 -MX 2 ).
While the Fig. 4 depicts that MPA without slotting in ground also resonates in the C-band but at resonant frequency f r = 6.2051 GHz. The bandwidth of the microstrip patch antenna with same dimensions as mentioned above but without slotting is 126.2 MHz at f r 6.2051 GHz. The value of return loss (S 11 ) obtained from MPA is -27.72 dB. Fig. 5 shows VSWR plot of the proposed antenna. At frequency of 6.0718 GHz, the VSWR is 1.009. As the value of VSWR is approximately equal to 1 at resonant frequency (f r ), proposed antenna results in perfect impedance matching. Fig. 9 shows the 3D Polar Plot of Total Directivity obtained from I-shaped DGS Antenna. This figure shows that the Total Directivity of the proposed antenna at f r = 6.0718 is 7.92 dB.
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Fig 9: 3D Polar plot of total directivity of I-slot DGS antenna
While the simulated directivity, in case of simple MPA i.e. without defected ground at resonant frequency f r = 6.2051 GHz is 7.995 dB as shown in Fig. 10 . 
CONCLUSION
A novel antenna design working in C-band has been successfully implemented in this paper. The bandwidth of the microstrip patch antenna with same dimensions as mentioned above but without slotting is 126.2 MHz at f r 6.2051 GHz with return losses (S 11 = -27.72 dB) as shown in Fig. 4 . While microstrip patch antenna with I-Shape DGS provides bandwidth of 132.3 MHz and return losses reaches up to -46.75 dB as shown in Fig. 3 . Thus it has been concluded that with I-Shape DGS, the bandwidth of the microstrip patch antenna is increased by 6.1 MHz. with reduction in ground plane area by 5%.
The proposed antenna design is useful for satellite communications as well as in RADAR.
